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(57) ABSTRACT

A photo detector is disclosed. The photo detector comprises a
substrate, a flat metal layer, a dielectric layer, a patterned
metal layer, and a semiconductor film. The flat metal layer is
formed on the substrate. The dielectric layer is formed on the
flat metal layer. The patterned metal layer is formed on the
dielectric layer. The patterned metal layer comprises a first
interdigitated electrode and a second interdigitated electrode.
The first interdigitated electrode is adjacent to the second
interdigitated electrode. The semiconductor film is formed on
the dielectric layer and covering the first interdigitated elec-
trode and the second interdigitated electrode. When the semi-
conductor film receives an incident light, the flat metal layer
and the patterned metal layer are operated in a localized
surface plasmon mode or a waveguide mode for absorbing a
certain narrow bandwidth radiation light of the incident light.
Therefore, the electrical conductivity of the semiconductor
film is changed and the optical energy absorbed by the photo
detector is determined.

42 Claims, 7 Drawing Sheets
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1
PHOTO DETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a photo detector, and
more particularly, to a photo detector being used to detect the
narrow bandwidth light energy.

2. Description of the Prior Art

With the rapid development of the human life style and the
industries, fossil fuels are extensively used which results in
the serious problem of air pollution. Hence, detecting the
environmental gas has attracted more and more attentions in
recent years. Due to the different molecular vibration spectra,
a gas usually has strong absorption at one or more narrow
bandwidth infrared wavelengths. The infrared detection sys-
tem was the conventional optical method to detect the gas
which consists of a broad band infrared light source, a detec-
tion chamber and a broad band photo detector. The photo
detector with the narrow bandwidth absorption is expected to
improve the detection sensitivity and decrease the system
size.

At present, the infrared detector with narrow bandwidth
absorption can be roughly divided into three types. The first
type uses the semiconductor epitaxy technique to manufac-
ture [11-V quantum-well, quantum dot or quantum ring struc-
ture, and to cooperate the back-end process to perform the
infrared detection element, and the infrared detector manu-
factured by the method adjust the structure parameters and the
element proportion so as to adjust the detection wavelength.
However, the infrared detector must be operated in low tem-
perature environment and the process equipment is expen-
sive.

The second type uses an infrared detector with full band
(for example, the thermal pile) and sets an optical filter in
front of the infrared detector for achieving to detect infrared
light with narrow bandwidth. Although the infrared detector
of the second type can operate in the room temperature envi-
ronment, the use of the optical filter increases the system size
and the manufacture cost.

The third type uses the infrared thermal imager manufac-
tured by the semiconductor process and the micro electro
mechanical system (MEMS), and the infrared thermal imager
is also a resistive optical detector comprising a substrate and
an amorphous silicon film. Specifically, the infrared absorp-
tion material is applied on the top of amorphous silicon film,
the bottom of the amorphous silicon film is hollowed, and two
sides thereof respectively mount a cantilever connected to the
substrate that is used to the mechanical support and the elec-
trical measure point. When the resistive optical detector
receives the infrared light, the temperature of amorphous
silicon film is changed, so as to change the electrical conduc-
tivity of the amorphous silicon film, and therefore, the resis-
tance of amorphous silicon film is measured to achieve the
infrared detection. Although this kind of the infrared detector
is operated in the room temperature environment, it com-
pletely absorbs any light waveband without the limitation
condition, and therefore, the kind of the infrared detector
need to incorporate an optical filter to filter the undesired light
waveband. As a result, the system size and the manufacturing
cost are increased, and the use of cantilever structure reduces
the effective area of the element so as to affect the operation
efficiency.

For the reason that the conventional photo detector could
not avoid to increase the system size in order to detect the
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narrow bandwidth light, a novel scheme is proposed that may
adaptively avoid increasing the system size and detecting the
narrow bandwidth.

SUMMARY OF THE INVENTION

In view of the foregoing, it is the goal of the present inven-
tion to provide a photo detector with the narrow bandwidth
detection which has the characteristics of small size and high
detection accuracy.

According to one embodiment of the present invention, the
photo detector is disclosed. The photo detector comprises: a
substrate; a flat metal layer formed on the substrate; a dielec-
tric layer formed on the flat metal layer; a patterned metal
layer formed on the dielectric layer and comprising a first
interdigitated electrode and a second interdigitated electrode,
wherein the first interdigitated electrode is adjacent to the
second interdigitated electrode; and a semiconductor film
formed on the dielectric layer and covering the first interdigi-
tated electrode and the second interdigitated electrode;
wherein when the semiconductor film receives an incident
light, the flat metal layer and the patterned metal layer are
operated in the localized surface plasmon mode or a
waveguide mode for absorbing a certain narrow bandwidth
radiation light of the incident light, and therefore, the electri-
cal conductivity of the semiconductor film is changed and the
optical energy absorbed by the photo detector is determined.

According to another embodiment of the present invention,
the photo detector is disclosed. The photo detector comprises:
a substrate; a flat metal layer formed on the substrate; a
dielectric layer formed on the flat metal layer; a pattern metal
layer formed the dielectric layer and comprising a first inter-
digitated electrode, a second interdigitated electrode and a
plurality of island metal structures, wherein the plurality of
island metal structures are located between the first interdigi-
tated electrode and the second interdigitated electrode; and a
semiconductor film, formed on the dielectric layer, covering
the first interdigitated electrode, the second interdigitated
electrode and plurality of island metal structures; wherein
when the semiconductor film receives an incident light, the
flat metal layer and the plurality of island metal structures are
operated in a localized surface plasmon mode or a waveguide
mode for absorbing a certain narrow bandwidth radiation
light of the incident light, and therefore, the electrical con-
ductivity of the semiconductor film is changed and the optical
energy absorbed by the photo detector is determined.

According to the other embodiment, the photo detector is
disclosed. The photo detector comprises: a substrate; a flat
metal layer formed on the substrate; a patterned dielectric
layer distributed on the flat metal layer; a patterned metal
layer formed on the patterned dielectric layer; and a semicon-
ductor film formed on the flat metal layer and covering the
patterned dielectric layer and the patterned metal layer;
wherein when the semiconductor film receives an incident
light, the flat metal layer and the patterned metal layer are
operated in a localized surface plasmon mode or a waveguide
mode for absorbing a certain narrow bandwidth radiation
light of the incident light, and therefore, the electrical con-
ductivity of the semiconductor film is changed and the optical
energy absorbed by the photo detector is determined.

Thereby, the photo detector of the present invention uses
three-layer structure (metal/dielectric/metal) to operate in the
localized surface plasmon mode or a waveguide mode for
absorbing a certain narrow bandwidth radiation light of the
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incident light, and deposit a semiconductor film on the inter-
digitated electrode to be as the resistance temperature detec-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated in and forming
a part of the specification illustrate several aspects of the
present invention, and together with the description serve to
explain the principles of the disclosure. In the drawings:

FIG. 1A illustrates a schematic diagram of a photo detector
according to the first embodiment of the present invention;

FIG. 1B illustrates a top view of pattern metal layer of the
photo detector according to first embodiment of the present
invention;

FIG. 1C illustrates a top view of pattern metal layer of the
photo detector according to first embodiment of the present
invention.

FIG. 2A illustrates a photo detector according to second
embodiment of the present invention;

FIG. 2B illustrates the top view of the pattern metal layerin
the photo detector according to the second embodiment of the
present invention;

FIG. 2C illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 2D illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 2E illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 2F illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 2G illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 2H illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 21 illustrates a top view of the pattern metal layer in
the photo detector according to the second embodiment;

FIG. 3 illustrates a photo detector according to third
embodiment of the present invention;

FIG. 4 illustrates the absorption spectrogram of the photo
detector according to one embodiment of the present inven-
tion; and

FIG. 5 illustrates the characteristic diagram of the light
radiating time—current of the photo detector according to
one embodiment of the present invention

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Some embodiments of the present invention will now be
described in greater detail. Nevertheless, it should be noted
that the present invention can be practiced in a wide range of
other embodiments besides those explicitly described, and
the scope of the present invention is expressly not limited
except as specified in the accompanying claims.

Moreover, some irrelevant details are not drawn in order to
make the illustrations concise and to provide a clear descrip-
tion for easily understanding the present invention.

Referring to FIG. 1A, which illustrates a photo detector
according to the first embodiment of the present invention. As
shown in FIG. 1A, the photo detector 1 comprises a substrate
10, a flat metal layer 12, a dielectric layer 14, a patterned
metal layer 16 and a semiconductor film 18. The flat metal
layer 12 is formed on the substrate 10, and the dielectric layer
14 is formed on the flat metal layer 12. The patterned metal
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layer 16 is form on the dielectric layer 14, and the semicon-
ductor film 18 is formed on the dielectric layer 14 and covers
the pattern metal layer 16.

The photo detector 1 is manufactured by the semiconduc-
tor process, and the steps of the semiconductor comprise: a
substrate 10 is mounted firstly, and then the flat metal layer 12
is deposited on the substrate 10. Moreover, the dielectric layer
14 is deposited on the flat metal layer 12. Next, the photoli-
thography and the metal evaporation process are performed
on the surface of the dielectric layer 14 so as to define the
pattern structure on the pattern metal layer 16. Lastly, the
substrate 10 with the pattern metal layer 16 is mounted in the
plasma enhancement chemical vapor deposition (PECVD)
equipment to deposit the semiconductor film 18 on the dielec-
tric layer 14 so as to allow the semiconductor film 18 to cover
the dielectric layer 14.

According to one embodiment, the substrate 10 is the sili-
con substrate, the gallium nitrite substrate, the GaAs sub-
strate, the oxide substrate, the glass substrate, the ceramic
substrate, the flexible substrate or other material by the
mechanical support. The flat metal layer 12 and the patterned
metal layer 16 materials have light reflection and electrical
conductivity characteristics, for example, the flat metal layer
and the patterned metal layer may comprise Au, Ag, Al, Pt, Cr,
Ti, W, Ta, Cu, Co, Ni, Fe or Mo. The material of the dielectric
layer 14 is SiO,, SizN,, Al,O; or other dielectric material
with insulation. The material of the semiconductor film 18 is
monocrystalline silicon, polycrystalline silicon, amorphous
silicon, microcrystalline silicon, Ge, SiGe, ZnO, VO or other
semiconductor material having the characteristic of the elec-
tronic property varied with the temperature.

According to one embodiment, the thicknesses of the flat
metal layer is 10~200 nanometer. The thickness t; of the
dielectric layer 14 is 0.1~400 nanometer, or 0.1 nanometer~3
micrometer. The thickness of the semiconductor film 18 is
10~500 nanometer

The patterned metal layer 16 is shown in FIG. 1B, and the
FIG. 1B illustrates a top view of patterned metal layer of the
photo detector according to first embodiment of the present
invention. According to one embodiment, the patterned metal
layer 165 comprises a first interdigitated electrode 161 and a
second interdigitated electrode 163, and the first interdigi-
tated electrode 161 is adjacent to the second interdigitated
electrode 163, and the first interdigitated electrode 161 is
electrically connected to the second interdigitated electrode
163 via the semiconductor film 18. The first interdigitated
electrode 161 comprises a first bar portion 1611 and a first
finger portion 1613, and one terminal of the first finger por-
tion 1613 is connected to one side of the first bar portion 1611,
and the second interdigitated electrode 163 comprises a sec-
ond bar portion 1631 and a second finger portion 1633, one
terminal ofthe second finger portion 1633 is connected to one
side of the second bar portion 1631, and the first bar portion
1611 is relative to the second bar portion 1631, and the first
finger portion 1613 is relative to the second finger portion
1633.

The line width w, of the first bar portion 1611, the first
finger portion 1613, the second bar portion 1631 or the second
finger portion 1633 is 0.1~100 micrometer. The gap between
the first finger portion 1613 and the second finger portion
1633 is 0.1~500 micrometer.

The patterned metal layer 16 is shown in FIG. 1C, and the
FIG. 1C illustrates a top view of patterned metal layer of the
photo detector according to first embodiment of the present
invention. According to another embodiment, the pattern
metal layer 16¢ comprises the first interdigitated electrode
162 and a second interdigitated electrode 164. The first inter-
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digitated electrode 162 is adjacent to the second interdigitated
electrode 164. The first interdigitated electrode 162 com-
prises a first bar portion 1621 and a plurality of first finger
portions 1623, one terminal of each first finger portion 1623 is
connected to one side of the first bar portion 1621, and the
period of each of the plurality of first finger portions 1623 is
a,. The second interdigitated electrode 164 comprises a sec-
ond bar portion 1641 and a plurality of second finger portions
1643, and one terminal of each second finger portion 1643 is
connected to one side of the second bar portion 1641. The
period of each of the plurality of second finger portions 1643
is a,. The first bar portion 1621 is relative to the second bar
portion 1641, and the plurality of first finger portions 1623
and the plurality of finger portions 1643 are place at regular
intervals.

The line width of the each first finger portion 1623 or the
each second finger portions 1643 is 0.1~100 micrometer, and
the period a, thereof is 0.2~1000 micrometer. The gap
between the first finger portion 1623 and the second finger
portion 1643 is 0.1~500 micrometer.

By adopting the dielectric layer 14 with different refractive
index, adjusting the thickness t, of the dielectric layer 14, the
pattern size (line width w, ) of the patterned metal layer 16, the
photo detector 1 is adjusted to absorb the light with different
certain narrow bandwidth, for example, the single band or the
multi band. Beside, by designing the thickness t, of the
dielectric layer 14, it allows the patterned metal layer 16 (165,
16¢) and the flat metal layer 12 are operated in different
modes, for example, the localized surface plasmon mode or
the waveguide mode.

When the semiconductor film 18 receives the incident
light, the patterned metal layer 16 operated in the different
modes heats the semiconductor film 18 which covers the
pattern metal layer 16, so as to change the temperature of the
semiconductor film 18, and the electrical conductivity thereof
is varied with the temperature. The DC bias is applied to the
first electrode (161, 162) and the second electrode (163, 164),
and then the current value of the semiconductor film 18 under
the fixed bias is measured to obtain the resistance of the
semiconductor film 18 and the optical energy absorbed by the
photo detector 1. Thereby, the purpose of absorbing the light
with the narrow bandwidth is achieved without using the
optical filters, this method not only reduces the size of the
photo detector 1 and saves the cost of using optical filters, but
also have good photo detection sensitivity and accuracy. The
present invention does not use the cantilever structure, and
adopts the proper size design of the metal electrode to allow
the first interdigitated electrode and the second interdigitated
electrode to be as the adopting area so as to increase the
absorbing light effective area of the element.

For instance, when the thickness t; of the dielectric layer 14
is designed between 0.1 nanometer and the 400 nanometer,
the patterned metal layer 16 (165, 16¢) and the flat metal layer
12 are operated in the localized surface plasmon mode. When
the thickness t, of the dielectric layer 14 is designed between
0.1 nanometer and the 3 micrometer, the pattern metal layer
16 (164, 16¢) and the flat metal layer 12 are operated in the
waveguide mode.

The photo detector 1 operated in the waveguide mode has
the characteristic of selectivity polarization. Specifically, the
pattern metal layer 16 (165, 16¢) comprising the interdigi-
tated electrodes (the first electrode (161, 162) and the second
electrode (163, 164) can be as the electrode, and also can be
as the metal grating. Under the TE mode (the electric field of
the incident light is parallel to the metal grating), the incident
light will propagate and reflect between the patterned metal
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layer 16 (165, 16¢) and the flat metal layer 12, and therefore,
the incident light matching the constructive interference con-
dition will be absorbed.

Beside, the pattern metal layer 16 (165, 16¢) and the flat
metal layer 12 operated under the localized surface plasmon
mode allows the photo detector 1 to have the characteristic of
selectivity polarization. Specifically, the patterned metal
layer 16 (165, 16¢) comprising the first interdigitated elec-
trodes (the first electrode (161, 162) and second electrode
(163,164)) can not only be as the electrode, but also be as the
absorbing structure. Under the TM mode (the electric field of
the incident light is perpendicular to the metal grating), there
is the resonance in the localized surface plasmon mode
between the patterned metal layer 16 (165, 16¢) and the flat
metal layer 12 and therefore, the incident light matching the
resonance mode will be absorbed.

Referring to FIG. 2A, which illustrates a photo detector
according to second embodiment of the present invention. As
shown in FIG. 2, the structure, process and detecting optical
principle of the photo detector 2 in the second embodiment is
similar to the photo detector 1 in the first embodiment. The
photo detector 2 comprises a substrate 20, a flat metal layer
22, a dielectric layer 24, a patterned metal layer 26 and a
semiconductor film 28. Thereby, the difference between the
photo detector 2 and the photo detector 1 is that the patterned
metal layer 26 in the photo detector 2 not only includes the
first interdigitated electrode and the second interdigitated
electrode, but also it further includes the island metal struc-
tures independently distributed on the first interdigitated elec-
trode and the second interdigitated electrode. When the semi-
conductor film 28 receives an incident light, the flat metal
layer 22 and the plurality of island metal structures are oper-
ated in a localized surface plasmon mode or a waveguide
mode for absorbing a certain narrow bandwidth radiation
light of the incident light, and therefore, the electrical con-
ductivity of the semiconductor film 28 is changed and the
optical energy absorbed by the photo detector 2 is deter-
mined.

The patterned metal layer 26 is shown in FIG. 2B according
to one embodiment, and the FI1G. 2B illustrates the top view of
the patterned metal layer in the photo detector according to
the second embodiment of the present invention. The pat-
terned metal layer 265 comprises the first interdigitated elec-
trode 261, a second interdigitated electrode 263 and a plural-
ity of island metal structures 265. The first interdigitated
electrode 261 is electrically connected to the second inter-
digitated electrode 263 via the semiconductor film 28. The
first interdigitated electrode 261 comprises a first bar portion
2611 and a first finger portion 2613, and one terminal of the
first finger portion 2613 is connected to one side of the first
bar portion 2611. The second interdigitated electrode 263
comprises a second bar portion 2631 and a second finger
portion 2633, one terminal of the second finger portion 2633
is connected to one side of the second bar portion 2631, and
the first bar portion 2611 is relative to the second bar portion
2631, and the first finger portion 2613 is relative to the second
finger portion 2633.

Each of the plurality of island metal structures is rectangu-
lar and the plurality of island metal structures are located
between the first interdigitated electrode 261 and a second
interdigitated electrode 263. Specifically, the line widths w,
of the plurality of island structure 265 with rectangular are
similar to the line width w, of the finger portion 2613 and the
second finger portion 2633, and the plurality of island metal
structures are respectively parallel to the first finger portion
2613 and the second finger portion 2633.
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The patterned metal layer is also shown in FIG. 2C accord-
ing to another embodiment, and the FIG. 2C illustrates a top
view of the patterned metal layer in the photo detector accord-
ing to the second embodiment. The patterned metal layer 26¢
comprises the first interdigitated electrode 262, a second
interdigitated electrode 264 and a plurality of island metal
structures 265. The first interdigitated electrode 262 com-
prises a first bar portion 2621 and a plurality of first finger
portions 2623, one terminal of each first finger portion 2623 is
connected to one side of the first bar portion 2621, and the
second interdigitated electrode 264 comprises a second bar
portion 2641 and a plurality of second bar portions 2643, one
terminal of each second finger portion 2643 is connected to
one side of the second bar portion 2641. The first bar portion
2621 is relative to the second bar portion 2641, and the plu-
rality of finger portions 2623 and the plurality of the finger
portions 2643 are placed at regular intervals. Each of the
plurality of the island metal structures is located between a
pair of the first finger portion 2623 and the second finger
portion 2643.

Each of the plurality of island metal structures 265 is rect-
angular and the plurality of the island metal structures 265 are
located between the first interdigitated electrode 262 and a
second interdigitated electrode 264. Specifically, the line
widths w, of the plurality of island structure 265 with rectan-
gular are similar to the line width w, of'the finger portion 2623
and the second finger portion 2643, and the plurality ofisland
metal structures 265 are respectively parallel to the first finger
portion 2623 and the second finger portion 2643.

The embodiment is similar to the first embodiment, by
adopting the dielectric layer 24 with different refractive
index, adjusting the thickness t, of the dielectric layer 24, the
pattern size (line width w,) of the pattern metal layer 26 (265,
26¢), the photo detector 2 is adjusted to absorb the light with
different certain narrow bandwidth, for example, the single
band or the multi band. Beside, by designing the thickness t,
of'the dielectric layer 24, it allows the plurality of island metal
structure 265 and the flat metal layer 22 are operated in
different modes, for example, the localized surface plasmon
mode or the waveguide mode.

For instance, when the thickness t, of the dielectric layer 24
is designed between 0.1 nanometer and the 400 nanometer,
the island metal structures 265 with rectangular of the pattern
metal layer 26 (265, 26¢) and the flat metal layer 22 are
operated in the localized surface plasmon mode. When the
thickness t, of the dielectric layer 24 is designed between 0.1
nanometer and the 3 micrometer, the patterned metal layer 26
(265, 26¢) and the flat metal layer 22 are operated in the
waveguide mode.

The photo detector 2 operated in the waveguide mode has
the characteristic of selectivity polarization. Specifically, the
island metal structures 256 with rectangular can be as the
metal grating. Under the TE mode (the electric field of the
incident light is parallel to the metal grating), the incident
light will propagate and reflect between the island metal
structures 265 and the flat metal layer 22, and therefore, the
incident light matching the constructive interference condi-
tion will be absorbed.

Beside, the photo detector 2 operated under the localized
surface plasmon mode has the characteristic of selectivity
polarization. Specifically, under the TM mode (the electric
field of the incident light is perpendicular to the metal grat-
ing), there is the resonance in the localized surface plasmon
mode between the island metal structures 265 with rectangu-
lar and the flat metal layer 22, and therefore, the incident light
matching the resonance mode will be absorbed.
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Moreover, referring to FIG. 2D~2I. FIG. 2D~21 are top
views of the pattern metal layers in the photo detector accord-
ing to the second embodiment of the present invention. The
patterned metal layer 2d~2i in the FIG. 2D~21 are similar to
the patterned metal layers 265, 26¢ in the FIG. 2B, 2C. The
difference between them is that the island metal structures
267 on the patterned metal layer 26d, 26e are square (as
shown in FIG. 2D, 2E), and the island meta structures 268 in
the patterned metal layer 26f, 26g are rectangular (as shown in
FIG. 2F, 2G), and the island metal structures in the patterned
meta layer 26/, 26i are circular (as shown in FI1G. 2H, 2I).

The embodiment is similar to the first embodiment, by
adopting the dielectric layer 24 with different refractive
index, adjusting the thickness t, of the dielectric layer 24, the
pattern size (the line width w,, the width w ,, the length w5, the
diameter d, ) the patterned metal layer 26 (264~261), the photo
detector 2 is adjusted to absorb the light with different certain
narrow bandwidth, for example, the single band or the multi-
bands.

The embodiment is different with the previous embodi-
ment, because the shapes of the patterned metal layers 264 to
26i are not the bar shapes and these patterned metal layers can
not be as the metal gratings, the island metal structures 267,
268, 269 on the patterned metal layer 264~26i and the flat
metal layer 22 are only operated in the localized surface
plasmon mode, and the thickness t, of the dielectric layer 24
is 0.1~400 nanometer.

Beside, it may decide the two resonance wavelengths and
two resonance directions by designing the length w, and
width w of the rectangular island metal structure 268.

Afterward, referring to FIG. 3, which illustrates a photo
detector according to third embodiment of the present inven-
tion. The photo detector 3 comprises a substrate 30, a flat
metal layer 32, a patterned dielectric layer 34, a patterned
metal layer 36 and a semiconductor film 38. The flat metal
layer 32 is formed on the substrate 30, and the patterned
dielectric layer 34 distributed on the flat metal layer 32. The
patterned metal layer 36 is formed on the patterned dielectric
layer 34, and the semiconductor film 38 is formed on the flat
metal layer 32 and covers the patterned dielectric layer 34 and
the patterned metal layer 36.

The structure, process and detecting optical principle of the
photo detector 3 in the third embodiment is similar to the
photo detector 1 in the first embodiment. The flat metal layer
32 and the patterned metal layer 36 are operated in a localized
surface plasmon mode or a waveguide mode for absorbing a
certain narrow bandwidth radiation light of the incident light,
and therefore, the electrical conductivity of the semiconduc-
tor film 38 is changed and the optical energy absorbed by the
photo detector 3 is determined. The difference between the
photo detector 3 and the photo detector 1 is that the photo
detector 3 allows the flat metal layer 32 and the patterned
metal layer 36 to be as the first electrode and the second
electrode, and the pattern of the patterned dielectric layer 34
is equal to the patterned metal layer 36.

By adopting the dielectric layer 34 with different refractive
index, adjusting the thickness t; of the dielectric layer 34, the
pattern size of the pattern metal layer 36, the photo detector 3
is adjusted to absorb the light with different certain narrow
bandwidth, for example, the single band or the multi band.
Beside, by designing the thickness t; of the dielectric layer 34,
it allows the pattern metal layer 36 and the flat metal layer 32
are operated in different modes, for example, the localized
surface plasmon mode or the waveguide mode.

When the semiconductor film 38 receives the incident
light, the flat metal layer 32 and patterned metal layer 36 are
operated in the localized surface plasmon mode or the
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waveguide mode for absorbing a certain narrow bandwidth
radiation light of the incident light, so as to change the elec-
trical conductivity of the semiconductor film 38. The DC bias
is applied to the first electrode (the flat metal layer 32) and the
second electrode (the pattern metal layer 36), and then the
current of the semiconductor film 38 under the fixed bias is
measured to obtain the resistance of the semiconductor film
38 and the optical energy absorbed by the photo detector 3.
Thereby, the purpose of absorbing the light with the narrow
bandwidth is achieved without using the optical filters

According to one embodiment, the patterned metal layer
36 comprises a plurality of island structures, and the shape of
each of the island structure is rectangular, interdigitated,
square, circular, etc.

Next, referring to FIG. 4, the FIG. 4 illustrates the absorp-
tion spectrum of the photo detector according to one embodi-
ment of the present invention. The absorption spectrum gen-
erated by the Fourier transform infrared spectroscopy proves
the photo of the present invention may absorb the light in the
certain narrow bandwidth obviously. For example, about 8
micrometer, and other light with non-absorption wavelength
are mostly reflected and not absorbed by the photo detector.

Lastly, referring to FIG. 5, the FIG. 5 illustrates the char-
acteristic diagram of the time—current of the photo detector
according to one embodiment of the present invention. For
performing the electrical measurement, the photo detector (1,
2, 3) is mounted on the platform, and the fixed DC voltage is
respectively applied on the first electrode and the second
electrode. The electrode and the island metal structure heat on
the semiconductor film to change the temperature and elec-
trical conductively after absorbing light via the photo detec-
tor. The currents of the first electrode and the second electrode
are measured under the fixed bias, so as to determine whether
the photo detector absorbs the light and determine how much
optical energy are absorbed for achieving the purpose of
detecting the light.

Referring to FIG. 5, under the fixed bias, as the light irra-
diation time increases, so does the current of the photo detec-
tor. Meanwhile, the resistance is decreased with increasing
the light irradiation time. As a result, along with the increase
of the light irradiation time, the electrical conductively is
increased.

Thereby, the photo detectors mentioned combines with the
resistive temperature detector and the three-layer structure
(metal/dielectric layer/metal) with the function of absorbing
the narrow bandwidth infrared, and then deposit a semicon-
ductor film to be as the thermal material. When the photo
detector receives the incident light, the temperature of the
photo detector is increased. The temperature of the semicon-
ductor is measured to change the resistance for achieving to
detect the absorbing result of measuring the narrow band-
width in the room temperature environment because of the
increase of the temperature. Moreover, the photo detector
with the characteristic of absorbing the certain narrow band-
width light is manufactured by adjusting the structure param-
eters and the material of the element.

Although specific embodiments have been illustrated and
described, it will be obvious to those skilled in the art that
various modifications may be made without departing from
what is intended to be limited solely by the appended claims.

What is claimed is:

1. A photo detector, comprising:

a substrate;

a flat metal layer, formed on the substrate;

a dielectric layer, formed on the flat metal layer;
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a patterned metal layer, form on the dielectric layer, com-
prising a first interdigitated electrode and a second inter-
digitated electrode,

wherein the first interdigitated electrode is adjacent to the
second interdigitated electrode; and

a semiconductor film, formed on the dielectric layer, cov-
ering the first interdigitated electrode and the second
interdigitated electrode;

wherein when the semiconductor film receives an incident
light, the flat metal layer and the patterned metal layer
are operated in the localized surface plasmon mode or a
waveguide mode for absorbing a certain narrow band-
width radiation light of the incident light, and therefore,
the electrical conductivity of the semiconductor film is
changed and the optical energy absorbed by the photo
detector is determined.

2. The photo detector according to claim 1, wherein the flat
metal layer and the patterned metal layer materials has light
reflection and electrical conductivity characteristics, and the
flat metal layer and the patterned metal layer thicknesses are
10~200 nanometer.

3. The photo detector according to claim 1, wherein the flat
metal layer and the patterned metal layer comprises Au, Ag,
Al, Pt, Cr, Ti, W, Ta, Cu, Co, Ni, Fe or Mo.

4. The photo detector according to claim 1, wherein the
semiconductor film material has the characteristic ofthe elec-
tronic property varied with the temperature, and the semicon-
ductor film thickness is 10~500 nanometer.

5. The photo detector according to claim 1, wherein the
semiconductor film material is monocrystalline silicon, poly-
crystalline silicon, amorphous silicon, microcrystalline sili-
con, Ge, SiGe, ZnO or VO.

6. The photo detector according to claim 1, wherein the
dielectric layer material is the insulation dielectric, the dielec-
tric layer thickness is 0.1 nanometer~3 micrometer.

7. The photo detector according to claim 1, wherein the
dielectric layer material is SiO,, Si;N, or Al,O;.

8. The photo detector according to claim 1, wherein the first
interdigitated electrode comprises a first bar portion and a
first finger portion, and one terminal of'the first finger portion
is connected to one side of the first bar portion, and the second
interdigitated electrode comprises a second bar portion and a
second finger portion, one terminal of the second finger por-
tion is connected to one side of the second bar portion, and the
first bar portion is relative to the second bar portion, and the
first finger portion is relative to the second finger portion.

9. The photo detector according to claim 8, wherein the line
width of the first bar portion, the first finger portion, the
second bar portion and the second finger portion is 0.1~100
micrometer.

10. The photo detector according to claim 1, wherein the
first interdigitated electrode comprises a first bar portion and
a plurality of first finger portions, one terminal of each first
finger portion is connected to one side of the first bar portion,
and the second interdigitated electrode comprises a second
bar portion and a plurality of second bar portions, one termi-
nal of each second finger portion is connected to one side of
the second bar portion, and the first interdigitated electrode is
relative to the second interdigitated electrode, the plurality of
first finger portions are relative to the plurality of second
finger portions.

11. The photo detector according to claim 1, wherein the
line width of the each first finger portion or the each second
finger portions is 0.1~100 micrometer, and the period thereof
is 0.2~1000 micrometer.

12. The photo detector according to claim 8 or 10, wherein
the thickness of the dielectric layer is 0.1~400 nanometer, the
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flat metal layer and the pattern metal layer are operated in the
localized surface plasmon mode.

13. The photo detector according to claim 8 or 10, wherein
the thickness of the patterned dielectric layer is 0.1 nanom-
eter~3 micrometer, and the flat metal layer and the pattern
metal layer are operated in the waveguide mode.

14. A photo detector, comprising:

a substrate;

a flat metal layer, formed on the substrate;

a dielectric layer, formed on the flat metal layer;

apattern metal layer, from the dielectric layer, comprising

a first interdigitated electrode, a second interdigitated
electrode and a plurality of island metal structures,
wherein the plurality of island metal structures are
located between the first interdigitated electrode and the
second interdigitated electrode; and

a semiconductor film, formed on the dielectric layer, cov-

ering the first interdigitated electrode, the second inter-
digitated electrode and plurality of island metal struc-
tures;

wherein when the semiconductor film receives an incident

light, the flat metal layer and the plurality of island metal
structures are operated in a localized surface plasmon
mode or a waveguide mode for absorbing a certain nar-
row bandwidth radiation light of the incident light, and
therefore, the electrical conductivity of the semiconduc-
tor film is changed and the optical energy absorbed by
the photo detector is determined.

15. The photo detector according to claim 14, wherein the
flat metal layer and the patterned metal layer materials has
light reflection and electrical conductivity characteristics, and
the flat metal layer and the patterned metal layer thicknesses
are 10~200 nanometer.

16. The photo detector according to claim 14, wherein the
flat metal layer and the patterned metal layer comprises Au,
Ag, Al, Pt, Cr, Ti, W, Ta, Cu, Co, Ni, Fe or Mo.

17. The photo detector according to claim 14, wherein the
semiconductor film material has the characteristic of the elec-
tronic property varied with the temperature, and the semicon-
ductor film thickness is 10~500 nanometer.

18. The photo detector according to claim 14, wherein the
semiconductor film material is monocrystalline silicon, poly-
crystalline silicon, amorphous silicon, microcrystalline sili-
con, Ge, SiGe, ZnO or VO.

19. The photo detector according to claim 14, wherein the
dielectric layer material is the insulation dielectric, the dielec-
tric layer thickness is 0.1 nanometer~3 micrometer.

20. The photo detector according to claim 14, wherein the
dielectric layer is SiO,, Si;N, or AL, O,.

21. The photo detector according to claim 14, wherein the
first interdigitated electrode comprises a first bar portion and
a first finger portion, and one terminal of the first finger
portion is connected to one side of the first bar portion, and the
second interdigitated electrode comprises a second bar por-
tion and a second finger portion, one terminal of the second
finger portion is connected to one side of the second bar
portion, and the first bar portion is relative to the second bar
portion, and the first finger portion is relative to the second
finger portion.

22. The photo detector according to claim 21, wherein each
of the plurality of island metal structures is rectangular, and
the plurality of island metal structures are respectively paral-
lel to the first finger portion and the second finger portion.

23. The photo detector according to claim 21, wherein the
patterned metal layer comprises a plurality of island struc-
tures and each island structure shape is square or circular.
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24. The photo detector according to claim 22 or 23,
wherein the line widths of the first bar portion, the first finger
portion, the second bar portion, the second finger portion and
the plurality of the island structures are 0.1~100 micrometer,
and the periods of the plurality of the island structures are
0.2~200 micrometer.

25. The photo detector according to claim 14, wherein the
first interdigitated electrode comprises a first bar portion and
a plurality of first finger portions, one terminal of each first
finger portion is connected to one side of the first bar portion,
and the second interdigitated electrode comprises a second
bar portion and a plurality of second bar portions, one termi-
nal of each second finger portion is connected to one side of
the second bar portion, and the first interdigitated electrode is
relative to the second interdigitated electrode, the plurality of
first finger portions are relative to the plurality of second
finger portions.

26. The photo detector according to claim 25, wherein each
of the plurality of island metal structures is rectangular, and
the plurality of island metal structures are respectively paral-
lel to the first finger portion and the second finger portion.

27. The photo detector according to claim 25, wherein each
of'the plurality of island structures shape is square or circular.

28. The photo detector according to claim 26 or 27,
wherein the line widths of the first finger portion, the second
finger portion and the plurality of the island structures are
0.1~100 micrometer, and the periods of the plurality of the
island structures are 0.2~200 micrometer.

29. The photo detector according to claim 22, 23, 26 or 27,
wherein the dielectric layer thickness is 0.1~400 nanometer,
and the flat metal layer and the plurality of island metal
structures are operated in the localized surface plasmon
mode.

30. The photo detector according to claim 22 or 26,
wherein the dielectric layer thickness is 0.1 nanometer~3
micrometer, and the flat metal layer and the pattern metal
layer are operated in the waveguide mode.

31. A photo detector, comprising:

a substrate;

a flat metal layer, formed on the substrate;

a patterned dielectric layer, distributed on the flat metal

layer;

a patterned metal layer, formed on the patterned dielectric

layer; and

a semiconductor film, formed on the flat metal layer, cov-

ering the patterned dielectric layer and the patterned
metal layer;

wherein when the semiconductor film receives an incident

light, the flat metal layer and the patterned metal layer
are operated in a localized surface plasmon mode or a
waveguide mode for absorbing a certain narrow band-
width radiation light of the incident light, and therefore,
the electrical conductivity of the semiconductor film is
changed and the optical energy absorbed by the photo
detector is determined.

32. The photo detector according to claim 31, wherein the
flat metal layer and the patterned metal layer materials has
light reflection and electrical conductivity characteristics, and
the flat metal layer and the patterned metal layer thicknesses
are 10~200 nanometer.

33. The photo detector according to claim 31, wherein the
flat metal layer and the patterned metal layer comprises Au,
Ag, Al, Pt, Cr, Ti, W, Ta, Cu, Co, Ni, Fe or Mo.

34. The photo detector according to claim 31, wherein the
semiconductor film material has the characteristic ofthe elec-
tronic property varied with the temperature, and the semicon-
ductor film thickness is 10~500 nanometer.
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35. The photo detector according to claim 31, wherein the
semiconductor film material is monocrystalline silicon, poly-
crystalline silicon, amorphous silicon, microcrystalline sili-
con, Ge, SiGe, ZnO or VO.

36. The photo detector according to claim 31, wherein the
patterned dielectric layer material is the insulation dielectric,
the patterned dielectric layer thickness is 0.1 nanometer~3
micrometer.

37. The photo detector according to claim 31, wherein the
patterned dielectric layer is SiO,, Si;N, or AL, O;.

38. The photo detector according to claim 31, wherein the
pattern metal layer comprises a plurality of island structures
and each island structure shape is rectangular or interdigi-
tated.

39. The photo detector according to claim 31, wherein the
pattern metal layer comprises a plurality of island structures
and each island structure shape is square or circular.

40. The photo detector according to claim 38 or 39,
wherein the line widths of the island structures are 0.1~100
micrometer, and the periods thereof are 0.2~200 micrometer.

41. The photo detector according to claim 38 or 39,
wherein the patterned dielectric layer thickness is 0.1~400
nanometer, and the flat metal layer and the pattern metal layer
are operated in the localized surface plasmon mode.

42. The photo detector according to claim 38 or 39,
wherein the patterned dielectric layer thickness is 0.1 nanom-
eter~3 micrometer, and the flat metal layer and the pattern
metal layer are operated in the waveguide mode.
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